Aim: The aim of the study is to evaluate the effect of ceramic type, thickness, and time of irradiation on degree of polymerization of dual-cure resin cement.
INTRODUCTION
Retention of ceramic inlays, which is crucial for its success, depends on the cavity design and the effectiveness of the adhesive luting cement which fixes the restoration to the tooth structure.
Resin cements can be activated chemically or via visible light or by both chemical and light cure (dual-cure). Dual-cure resin cements were developed with the objective of combining the favorable characteristics of self-and light-activated cements. [1] Polymerization of dual-cured resin cement may be affected if the curing light does not reach the cement; thus, dual-cured cement needs to rely on an autopolymerizing component. [2] Mechanical properties of dual-cured resin agents depend on the intensity of light irradiation and the light attenuation through different materials. [3] The degree of light attenuation depends on the characteristics of the overlying restoration such as optical behavior of the restorative material, [4] [5] [6] crystalline structure, grain size, defects, intrinsic porosity, thickness, layering technique, [7] [8] [9] and shade, [5, 6] which interfere with light transmittance. Besides formulation [6] and opacity [10] of the indirect restorative material, other factors that interfere with the radiant exposure that reaches the cement layer are the distance between the curing light and cement layer, [11] the type of light source, their intensity, and the exposure time.
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The degree of polymerization of dual-cured resin cement is a measure of the percentage of carbon-carbon double bonds that have been converted to single bonds to form a polymeric resin. There are various methods to evaluate the degree of polymerization among which Fourier transform infrared (FTIR) spectroscopy is the best method as it offers a direct approach to evaluate the depth of cure. [5] To the best of our knowledge, there has been no study which has evaluated the effect of three factors, i.e., ceramic type, thickness, and irradiation on degree of polymerization of recently introduced dual-cured resin cement, SoloCem. The purpose of this study is to evaluate the effect of ceramic type, thickness, and irradiation time on the degree of polymerization of recently introduced dual-cure resin cement.
MATERIALS AND METHODS
All ceramic disks of lithium disilicate ceramic (IPS e.max Press), leucite-reinforced ceramic (Cergo Kiss), and monolithic zirconia (Ziecon) were fabricated in B2 shade in 2, 3, and 4 mm thickness.
To simulate the condition of cementing an indirect restoration using dentin reflectance, a human incisor tooth was used. The root of the tooth was removed using a diamond disk. The incisor tooth was then embedded in acrylic resin with the buccal surface facing out.
There were 13 groups of 15 samples each, out of which 9 were experimental groups, 3 negative control groups, and 1 positive control group. The dual-cure resin cement samples of each group were cured through:
• Groups I, II, and III (n = 15) -lithium disilicate ceramic disk (IPS e.max Press) of 2, 3, and 4 mm thickness, respectively • Groups IV, V, and VI (n = 15) -glass silicate ceramic disk (Cergo Kiss) of 2, 3, and 4 mm thickness, respectively • Groups VII, VIII, and IX (n = 15) -monolithic zirconia disk (Ziecon) of 2, 3, and 4 mm thickness, respectively, • Groups X, XI, and XII (n = 15) -metal disk of 2, 3, and 4 mm thickness, respectively, which served as negative control • Group XIII (n = 15) -Mylar strip which served as positive control group.
Each group was further subdivided into subgroups (n = 5) depending on the time of irradiation, i.e., 40, 60, and 80 s.
Before the fabrication of samples, the light transmission value of each thickness and type of ceramic was measured by placing the disk on the aperture of a handheld radiometer (Demetron 100, SDS/Kerr) and recording the average of resultant light readings through the disk in mW/cm 2 .
The samples were fabricated from self-adhesive, dual-cure resin cement -SoloCem (Coltene/Whaledent). For this, standard cylindrical ring stainless steel molds were fabricated with dimensions 5 mm inner diameter × 10 mm outer diameter × 0.5 mm depth. Separate positioning rings were fabricated to stabilize the ceramic disk and prevent displacement of the sample mold during preparation. Its inner diameter matched the outer diameter of the ceramic disk.
The resin cement was mixed and placed into the sample mold following the manufacturer recommendations. Mylar strip was placed on the bottom and top of the cement. Ceramic disk of that particular group was then placed on top of the resin cement sample, and the cement was light activated with curing unit held in direct contact with ceramic or metal disk for time duration specified for that particular group [ Figure 1 ]. Curing light intensity was standardized at 600 mW/cm 2 for each sample preparation using a light-cure unit with a radiometer (Spectrum 800, QTH light, Dentsply, Baar, Switzerland).
Immediately after light curing, the specimens were stored in light proof containers in a relatively high humidity at 37°C for 24 h.
The polymerized resin cement was removed from the molds to perform the infrared spectroscopic analysis using an FTIR. [13] The mean value of degree of conversion % (DC) was calculated as a mean of five readings corresponding to five samples and was subjected to statistical analysis.
The statistical analysis was done using SPSS Version 15.0 (IBM Corp, Armonk, NY, USA). Data were analyzed using analysis of variance to determine the significance of the ceramic thickness, type, and time of irradiation on polymerization. Bonferroni post hoc test was used to rank the significant variables. A multivariate assessment was done using three-way ANOVA to determine which factor had the maximum influence.
RESULTS
Light transmission values of various ceramic and metal disks are displayed in Table 1. Table 2 shows the mean DC of different groups and thicknesses at different time intervals.
The maximum DC was seen in the positive control group and minimum in the negative control group.
Among the experimental groups, Cergo Kiss had maximum DC, followed by IPS e.max and Ziecon, at all thicknesses and time intervals. However, the difference in DC of IPS e.max Press and Ziecon was statistically insignificant.
For all the three materials, statistically, no significant difference between 2 and 3 mm thickness was observed at different time intervals. However, a statistically significant (P < 0.05) difference between 2 and 4 mm samples and 3 and 4 mm samples was observed at all the time intervals.
With Cergo Kiss, for 2 mm samples, none of the differences were significant statistically. For 3 mm specimens, all the three comparisons were significant statistically (P < 0.05); however for 4 mm samples, difference between 40 and 80 s samples and 60 and 80 s samples was significant (P < 0.05). With IPS e.max Press and Ziecon, all the three comparisons were significant statistically (P < 0.05) for 4 mm evaluation; however, in 2 and 3 mm specimens, the comparison between 60 and 80 s was not significant statistically.
DISCUSSION
The null hypothesis of this study was rejected as there was a difference in the DC of the dual-cured resin cement when irradiated through different ceramic disks of different thicknesses, for different time durations.
Among the three all-ceramic materials used, Cergo Kiss (leucite-reinforced) showed the maximum light transmission, hence the highest DC.
The superior DC seen by Cergo Kiss at all thicknesses is because the microstructure of the leucite-reinforced glass ceramic which is less dense and is characterized by single crystal formation of leucite crystals, without interlocking between crystal. [9] This ceramic contains between 35% and 45% volume leucite as crystalline phase [14] and 9% porosity. [15] Lithium disilicate ceramics, on the other hand, contain about 65% volume lithium disilicate as the main crystalline phase, with about 1% porosity. [15] Moreover, in the lithium disilicate glass ceramic (IPS e.max), the main crystalline phase consists of elongated lithium disilicate crystals building a scaffold of many small interlocking needle-like crystals that are randomly oriented. A second crystalline phase consisting of lithium orthophosphate is of a much lower volume. [9] Thus, IPS e.max Press, with its higher degree of crystalline content and less porosity, has a greater scattering effect and appears relatively opaque to visible light. Although no study has been done till date using Cergo Kiss, studies of Ilie and Hickel [9] and Borges et al. [16] have compared other leucite-reinforced ceramics, lithium disilicate ceramic, and zirconia. They have also shown superior light transmission by leucite-reinforced ceramics, which is in accordance with the results of our study.
Zirconia ceramics have high refractive indices, low absorption coefficients, and high opacity in the UV/vis spectrum. [17] Studies of Borges et al. [16] and Kesrak and Leevailoj [18] have shown that DC of dual-cure resin cements polymerized under zirconia to be lower than lithium disilicate ceramics.
On the contrary, in our study, the difference in light transmission and DC of IPS e.max Press and Ziecon (monolithic zirconia-reinforced) was not significant. This was due to the high translucency zirconia which was used in our study. The translucency of this zirconia was due to yttria-stabilized zirconia which crystallizes into cubic structures. [19] In addition, the highly translucent zirconia was developed by decreasing the light-scattering sources, such as alumina particles (0.25 weight%). [20] Along with the composition, scattering of light is also generated by voids and porosities, crystal number, and size. Although the manufacturers have kept it a trademark secret, it may be speculated that the improvement in light transmittance might be attributable to the smaller grain size. [21] On comparing the DC of the resin cement through different thicknesses of ceramics, it was seen that the results were not significant between 2 and 3 mm ceramic disks, whereas a significant decrease in the conversion was seen when the thickness was increased to 4 mm for all the ceramics. This was due to the attenuation in irradiance with increasing specimen thickness as the self-curing components are not able to compensate for the low light intensity that reaches the resinous material. Kilinc et al. [22] stated that the critical ceramic thickness that adversely affects resin cement microhardness is 3 mm.
Our results were corroborated by the findings of other studies which showed gradual reduction in KHNs with increasing ceramic thicknesses. [6, 18, 23, 24] With Cergo Kiss, the nonlinear relationship between curing and curing time may be explained by the typical autoacceleration/autodeceleration stages of a polymerization reaction, [25] in which the chain flexibility and molecular mobility decrease while the complete polymerization of the material is avoided [26] due to the limitation of diffusion in the reaction medium. [27] With IPS e.max Press and Ziecon, the difference in the DC of the cement at 2 and 3 mm thickness at different times of irradiation was attributed to the fact that the velocity of the photoinitiation polymerization reaction is limited and an unrestricted increase in irradiation will not be able to accelerate this process [9] which corroborates with the findings of Ilie and Hickel. [9] At 4 mm thickness, the DC increased significantly when time of irradiation was increased from 40 s to 60 s and then to 80 s. Light overexposure was able to compensate for the light attenuation caused by these ceramic disks.
Multivariate assessment revealed that ceramic type played the most significant role on the degree of polymerization followed by the time of irradiation and ceramic thickness.
CONCLUSION
Within the limitations of the study, it can be concluded that the DC is affected by type of ceramic, thickness above
